INTHE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application of. Barras et al. 
Serial No.: 10/693328 
Filed: October 24, 2003 

Entitled: COLON CLEANSING COMPOSITIONS 

Attorney Docket No. : ABL-0 10.1 US 

Mail Stop Amendment 
Commissioner for Patents 
P.O, Box 1450 
Alexandria, VA 22313-1450 



DECLARATION OF THOMAS J. BQKOTVY. M.D.. Ph.D. 
UNDER 37 CF.R§U32 

I, Thomas J. Borody, hereby declare and state that: 

I. I am the inventor of the subject matter claimed in international publication WO 89/05659, 
which is cited in the current proceedings. The international application resulted in the 
grant of US Patent No. 5,274,001. In a patent license agreement dated August 19, 1998 
and amended on May 8, 2002, 1 granted to Norgtne BV. a company in the same group of 
companies as the current assignee of the present application (US Ser. No. 10/693,328), an 
exclusive license to develop, manufacture, and sell products within the scope of the '001 
patent I have subsequently agreed to assign the 4 001 patent to Norgtoe. I had no 
Involvement in the invention set forth in the present application Ser. No. 1 0/693,328, and, 
other than the relevance of my patent publication as prior art, I had no involvement in the 
conception, development or testing of the products conlemplated by the present 
application. Nor do T have any financial interest in the present application; no payment 
has been made to me and there is no payment due to mo which is contingent upon the 
granting of the present application in the United States or its equivalent elsewhere. 
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2. I presently hold the position of Adjunct Professor at the University of Technology, 
Sydney, Australia. 1 have been active in the development of new products in the field of 
gastroenterology for many years. A copy of my curriculum vttae is attached as exhibit A. 

3. I am familiar with the subject matter claimed in the above-identified patent application, 
U.S. Serial No. 10/693,328. 

4. I have been informed and understand that the last Office Action issued in this application 
was dated February 17, 2006 and that the Examiner of ihis application is of the view and 
stated in the Office Action that the presently claimed subject matter is considered 
unpatentable as obvious over my international publication WO 89/05659 in further view 
of Fordtran, international publication WO 87/00754 (hereinafter "PordW), US Patent 
No. 5,458,890 issued to Williford et iL, Stedman's Medical Dictionary (22 nd Edition, 
1972, page 737), and the Merck Index (Monograph 8723, 1996). I make this declaration 
to provide facts mat 1 believe are probative of the issues raised by the rejection. 

5. The subject matter of application Scr. No. 10/693,328 relates to advanced bowel lavage 
solutions. Early bowel lavage solutions were "balanced electrolyte solutions" - 
essentially large quantities of water with dissolved electrolytes. It was found, however, 
that they resulted in significant absorption of water and sodium into the body (as set out, 
for example, in Davis et al., 1980, Gastroenterology, 78(5), 991 -995 (copy attached as 
Exhibit B)). Davis et al. used as a control a "balanced electrolyte solution" (termed 
"BES" in Table 2 in the paper) consisting of 110 mM NaCt, 30 mM NaHCO* 10 mM 
KC1 and 5g/litre PEG. Infusion of that solution was found to be associated with net water 
absorption of 819 ml/br and net sodium absorption of 1 27 mEq/hr. 

6. Davis et al. then found thatthe absorption of water and sodium could be reduced by 
including mannitol or by replacing much of the sodium chloride In the balanced 
electrolyte solution with sodium sulfate, a sodium composition that crosses the intestinal 
membrane only very poorly due to the membrane impermeability of the sulfate anion. 
They also found (in solution E) that the mannitol could be replaced with an osmotically 
equivalent amount of PEG (59 g/litre). 



2 



7. Those solutions developed by Davis et al. had fewer side effects than the balanced 
electrolyte solutions and they established two general principles that were to guide 
orthostatic lavage solutions in the coming decades: 

1) The solution should not contain a large concentration of sodium in an absorbable 
form (e.g. as sodium chloride) to keep sodium absorption to a minimum; and 

2) The solution should have the same total osmolarity as the blood to keep water 
absorption and water secretion to a minimum. 



8. 



10. 



The osmolality of the plasma varies slightly torn individual to individual and over time 
for an individual, but typically it is approximately 290 mOsm/kg, (as set out ,for example, 
in Gastrointestinal Disease Pathohgy/Diagnosis/Management, Vol 2, Ed:J.S.Fordtran, 
Chapter 49, page 1051, column 2, line 46, copy attached as exhibit C). Variations are 
rarely more than +/- 8mOsm/kg. 

As disclosed in my international publication WO 89/05659, 1 discovered, inter alia, that 
the effectiveness of bowel lavage solutions was improved by including ascorbic acid or a 
salt thereof. In formulating such solutions, Iwmtinued jo ^Hhcre to the guidelines 
^tebJished^yDaylsetaL m regards to osmolarity, Le., the solution should have the same 
or similar total osmolarity as the blood to keep water absorption and water secretion to a 
minimum. 

Bowel lavage solutions according to Davis et al. have appeared as commercial products, 
such as those sold under the name GOLYTELY. 



II. In an effort to reduce the saltiness of the taste of the Davis / OOLYTELY solution, 
Fordtran (see 1990, Gastroenterology, 98, 1 1-16 and WO 87/00754) investigated 
replacement of the sodium sulfate in that solution with additional PEG- That gave rise to 
a solution given the name GOLYTELY-RSS (RSS signifying reduced sodium solution) 
that has a relatively low concentration of sodium (65 mM) and a high concentration of 
PEG(105g/litre). The solution was found to be more palatable than GOLYTELY- A 
high PEG solution using the teaching of Fordtran is also marketed, under the name 
NuLYTELY. The calculated osmolarity of aNuLYTELY solution (47 mM NaCl, 5 mM 
KC1, 17 mMNaHCOj, 105 g/L PEG) is relatively low, but as set out in Table 1 of the 
Fordtran paper, because of the particular non-linear osmolarity properties of PEG, the 
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measured osmolality is actually 288 mOsmol/kg. Thai WWW thus also adhere to 
guidelines established bv Davi3 et al . 



12. In the Fordtran patent publication (WO 87/00754) a broad range of PEG concentrations is 
claimed. It is clear, however, that tsosmolarity Is an important characteristic of the 
solutions. Example 3 is a solution which contains contains 120 g/L of PEG made up with 
electrolytes to create a solution which has a measured osmolarity of 293 mOstool/kg 
(page 14, line 6). In moving to example 4, Fordtrao reduced the concentration of PEG to 
1 05 g/L (page 1 5, line 10). At the same time Fordtran jidjusted the concentrations of the 
electrolytes in example 4 in order to maintain the iso-ramolarity of the resulting solution 
(example 4 is identical to the GoLytely-RSS solution in the Fordtran paper in 
Gastroenterology, which states that the solution has a measured osmolality of 

288 mOsmol/kg). Thus, Fordtran continued to adhere to the Davis et al. iso-osmolarity 
guidelines in the preparations he actually proposed to administer to patients. 

13. Thus, at the time ofthe invention described in Scr. No. 10/693,328, all "balanced 
electrolyte" type bowel lavage solutions on the market did not contain a large 
concentration of sodium in an absorbable form (e.g., as sodium chloride) and they had the 
same total osmolarity as the blood to keep water absorption and water secretion to a 
minimum, i.e., they were all iso-osmotlc solutions. 



14. As an alternative to the balanced electrolyte bowel lavage products, other solutions were 
introduced which operated on a different physiological mechanism. The alternative 
bowel lavage formulations are very Aj/perosraotic solutions which utilize highly 
concentrated solutions of salts, especially sodium phosphate, that are taken in a relatively 
small volume (20 to 45 mL). These extremely hyperosmotic solutions (e.g., having 
osmolalities of well over 2000 mOsm/kg) operate by causing a large amount of water 
being drawn from the blood volume of the patient into the bowel, and It is this water that 
flushes the colon. Such solutions have the advantage of requiring only a small quantity 
of liquid to be ingested, therefore patient compliance h generally high. The best example 
of such super-hyperosmotic solutions is the commercial product PHOSPHOSO.DA, 
which contains, In a 90 ml dose (2 x 45 ml), i.e., the dose generally used for colon 
cleansing, 43.2 g monobasic sodium phosphate monohydrate with 16.2 g dibasic sodium 
phosphate heptahydrate. The osmolarity of such compositions is over 2000 mOsmol/kg 
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I am aware of improvements on the PHOSPHOSODA product having been described, for 
example, in Cleveland, US Patentee 6,946,149. The solutions of Cleveland resulted In 
a similar loss of water from the body as the sodium phosphate solutions typified by 
PHOSPHOSODA. Cleveland proposed adding a small quantity of PEG to reduce the 
amount of salts necessary for effective colon cleansing. However, the solutions of 
Cleveland were similarly super-hyperosmotic, having calculated osmolarity of over 2300 
mOsm/kg. 

Because the super^rosmotic solutions have such a significant effect on water 
movement, they also have a significant effect on blood electrolyte levels. Typically, a 
dose of a super-hyperosmotic sodium phosphate solut ion results in the loss of 2.5 litres of 
water from the body and a change in serum electrolyte levels. For example, a typical 
dose of PHOSPHOSODA results in an increase in serum phosphate concentration from 
2.8 to 6.5 mg/dL (Kohs et al, 1993,^ . J. Gastroenterology, 88, 121 8-1223). For these 
reasons, super-hyperosmotic sodium phosphate solutions are contraindicated for elderly 
patients and some other patient groups because of the risk of kidney damage, 
hyperphosphatemia, hypocalcemia or hypokalemia. 

In summary, the solutions known prior to the Invention of application Sen No. 
10/693,328 can be grouped into two categories: 

1) Large volume, isosmotic, PEd-containing balanced electrolyte bowel lavage 

solutions; and 

2) Low volume, ^-hyperosmotic concentrated salt solutions, typified by sodium 
phosphate solutions. 

I continued to believe that isc-osmolarity was an important feature of lavage solutions 
until 1 became aware of the invention described In application Ser. No. 10/693,328. 1 
have earned out work myself in attempts to improve the prior art solutions, and whenever 
I have instructed phannacists to make up formulations of lavage solutions I have always 
issued very particular instructions to make sure that the osmolarity of the solutions 
remains in the range 288 to 298 mOsm/kg, Le. iso^smolar. Any changes I considered 
making to the make-up of the formulation were always carried out in such a way that the 
composition retained Its iso-osmoiarity. For example, if I introduced an ingredient that 



increased the osraolaruy, 1 would then reduce the concentration of another ingredient to 
maintain the total osmotic load- 

19 When I made the invention described and claimed in my publication WO 89/05659, my 
experiments were based on formulations that included ascorbic acid. I included mention 
of salts in the patent application because I was aware that ascorbic acid could be 
generated in situ in the stomach after ingestion of a salt of ascorbic acid I d«d not 
contemplate a formulation including a combination of both ascorbic acid aM a salt 
thereof. I was not aware of, nor did I foresee, any advantages of including both ascorbic 
acid and a salt thereof based on my knowledge of the at or any data from my own work. 

. That remained my view until I became aware of the invention described in Scr. No. 
10/693328. 

20 in accordance with my experience in this field and my knowledge of the state of the art at 
the time the invention of Ser. No. 10/693,328 was made, it is clear that the inventors 
broke with long-established teachings in the field to prepare solutions that were not ,so- 
osmotic, instead having an osmolarity in the range of 300 - 700 mOsmol/kg, yet the 
solutions were effective for bowel cleansing. Moreover, such solutions necessarily caused 
SO me secretion of water but evidently did not lead to the electrolyte imbalances or risks of 
products such as PHOSPHOSODA, yet they are effective for bowel cleansing. In 
addition, the inventor, of the compositions of Ser. No. 1 0/693,328 have discovered an 
advantage to including both ascorbic acid and a salt thereof in the same formulation, 
relatingto maintenance of plasma bicarbonate levels, as explained at the end of Example 
2 in their applicatioa I regard these as significant advances in the field. 

21 I further declare that all statements made herein of my own knowledge are true and that 
statements made upon information and belief are believed to be true and further that false 
statements and the like so made are punishable by fine or Imprisonment or both under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the above-identified application or any patent issuing 
thereon. 
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Ingestion of large volumes of o balanced electrolyte 
solution has previously been shown to be on effec- 
tive method of cleaning the colon for diagnostic 
studies. However, in this paper we have shown that 
total gut perfusion with such a solution results in ab- 
sorption of 2400 ml water and 375 meq of sodium 
over 3 hr. which is the approximate time required to 
clean the colon by this technique. This might be haz- 
ardous to patients who are unable to readily excrete 
a salt and water load. We, therefore, designed a so- 
lution containing mainly sodium sulfate that was as- 
sociated with only trivial amounts of water and so- 
dium absorption or secretion during total gut 
perfusion. This new solution might be useful in colon 
cleansing before colonoscopy, barium enema, and 
surgery. In addition, such a solution may have some 
therapeutic indications, including bowel cleaning in 
patients with hepatic encephalopathy or as a rapid 
washout technique for ingested toxins. 

Rapid ingestion of large volumes of saline or a bal- 
anced electrolyte solution causes diarrhea and has 
been used as a method for cleaning the colon before 
barium enema, 10 colonoscopy.* or colon surgery. 5 
Theoretically, such total gut perfusion might also be 
useful for bowel cleaning in patients with hepatic 
encephalopathy and for rapid washout of ingested 
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toxins. However, a significant fraction of these solu- 
tions may be absorbed resulting in rapid weight gain 
of 1.1-2.3 kg. 1 -'-* This method of cleaning the colon 
may therefore be dangerous in patients who arc un- 
able to normally excrete salt and water loads. Alter- 
nate methods of cleaning the colon include the use 
of cathartics and enemas, but these are associated 
with potentially hazardous loss of sail and water 
from the body. 1,7 

It was the purpose of these experiments to design 
a solution for intestinal lavage that would not be ab- 
sorbed from the intestine or induce a loss of salt and 
water from the body. 



Materials and Methods 

After an overnight fast, normal subjects swal- 
lowed a polyvinyl tube. The infusion site was located in 
the midstomach. and the solution to be evaluated was 
warmed to room temperature and infused at pump speed 
of 20 or 30 ml/min. Actual measured infusion rates dif- 
fered slightly from the pump speed settings. These solu- 
tions contained various combinations of NaCI. Na z SO„. 
NaHC0 3 . and KG and S g/liter PEG as a nonabsorbable 
marker. In addition, they contained mannitol in quantities 
sufficient to result in an osmolality of approximately 280 
mOsmoI/kg. In one solution, a higher concentration of 
PEG 4000 (carbowax) was used as a solute to replace the 
mannitol. 

Twenty minutes after starting, infusion of the test solu- 
tion was momentarily interrupted and 200 mg of sulfabro- 
mophihalein (BSP) was injected into the stomach through 
the polyvinyl tube. When watery diarrhea ensued, the 
stool specimens were checked for BSP by alkalinization 
with sodium hydroxide. When all BSP had been elimi- 
nated, we assumed that a steady slate of perfusion had 
been achieved. It was observed that the rectal effluent be- 
came clear of feces at the same time when BSP was no 
longer present. The perfusion was continued for 3 hr 
beyond this time. This 3-hr period consisted of six 30-min 
collection periods during which PEG concentrations re- 
mained essentially the same, giving evidence of a "steady 



173 



stale."' The collected samples of rectal effluent were ana- 
lyzed for PEG, osmolality, and electrolytes by standard 
methods," and net water and electrolyte movement was 
calculated with the use of standard nonabsorbable marker 
equations." Significance of difference was determined by 
group t-analysis. 
All studies were approved by the Human Research Rc- 
) view Committee at our institution in August 1978. 

Results 

Preliminary Studies 

The first four (est solutions (A-D) were in- 
fused at a rate of 20 ml/min, each in a different sub- 
ject. As shown in Table 1, total gut perfusion with 
solution A resulted in prominent secretion of water 
and bicarbonate, so to solution B we added NaHCO, 
and decreased the mannitol and Na 2 SO< concentra- 
tion. With solution B there was absorption of water 
and sodium, so mannitol and Na 2 S0 4 were increased 
and NaHC0 3 was decreased in solution C. Perfusion 
of solution C was associated with moderate sodium 
and bicarbonate absorption, so a further fine adjust- 
ment was made by decreasing the Na a SO< and 
NaHCOj and increasing mannitol by small amounts 
to make solution D. Solution D was associated with 
mild secretion of water (60 ml/hr) and near zero net 
movement of electrolytes. 

Comparison of Solution D and a Balanced 
Electrolyte Solution 

Solution D appeared to approximate the re- 
quirements set out as the objective of the experi- 
ment; that is, when perfused at a constant rate, this 
solution was associated with negligible net water 
and electrolyte movement, at least in one prelimi- 



nary experiment. We then studied solution D in 5 
normal subjects; infusion rates of 20 and 30 ml/min 
were used to determine the influence of infusion rate 
on water and electrolyte movement with the solu- 
tion. For comparison, a balanced electrolyte solution 
consisting of 110 mM NaCl. 30 mM NaHC0 3 . 10 mM 
KCI, and 5 g/liter PEG was infused at a rate of 30 
ml/min in 5 normal subjects. This solution is similar 
in composition to those used by others to clean the 
colon. 1 

The average result of perfusing solution D at a 
rate of 20 or 30 ml/min in 5 normal subjects was 
similar (Table 2); that is, the net movement of water 
and electrolytes was trivial at both rates. By com- 
parison, infusion of the balanced electrolyte solution 
(BES) was associated with mean net water and so- 
dium absorption rales of 819 ml/hr and 127 meq/hr. 
respectively (Table 2). Results in the individual sub- 
jects for water and sodium movement are shown in 
Figure 1. 

Results in Special Patients 

Solution D was infused in 1 patient with cir- 
rhosis and portal hypertension with ascites and in 1 
patient with chronic renal failure on hemodialysis. 
As shown in Figure 1 and Table 2. results in these 
patients were similar to results in the normal sub- 
jects. 

Substitution of PEG for Mannitol 

There is some concern that mannitol may be 
metabolized by bacteria in the intestine and could 
potentially produce explosive gases (see Discussion). 
We therefore replaced mannitol (in .solution D) with 
an osmotically equivalent amount of PEG (59 g/ 



Table I. Water and Electrolyte Movement with Test Solutions During the Preliminary Studies" (Infusion IXate 20 ml/ 
min) 
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''Composition and osmolality of test solutions: . 

NaCI * $ Na..SO« Ktl KCI ' 
(niM) (mMJ t'"Ml 
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Table 2. Nut Movement o/ Woter ono uauu.y^ t m C u«. ■ A o»d»udiu enow 



Subjects 



Normal 
Normal 
Normal 
Liver disease 6 
Renal disease 0 
Normal 







Measured 












No. 




infusion 


Water 


Na 


K 


CI 


HCO, 


of 




rate 






(nieq/nr) 




ubjecls 


Solution 


(ml/min) 


(m//hr> 








5 




BES 


30 ± 1 


— Ola — cH 


—127 2: 4 


-10 ± 1 


—110 ± 6 


-26 ± 2 


5 


D 


28 ± 1 


■ CC Ted 


n 7 rf 

u X / 


0 ± V 


* +11 ± 5 d 


—5 ± 2 C 


5 


n 

u 


20 ± 1 


-20 ± 40 d 


-7 ±6 d 


-1 ±2 d 


-2 ± 5 d 


-4 ±2< 


I 


D 


29 


+78 


-5 


-1 


+8 


-2 


1 


D 


20 


-137 


-26 


-1 


-8 


-7 


5 


E 


28 ±1 


-130 ±40*' 


-8 ±8 d 


-3 ±l d 


+ 8±4 d 


-10 ± !«•* 



• f+1 « net secretion- (-) « net absorption. 6 Represents one study in this patient. c Values represent mean of three studies in 1 patient. 
« P < 0 001 when solution compared with solution BES. " P < 0.05 when solution compared with solution BBS. ' P < 0.01 when solution 
compared with solution D infused at 28 ml/min. ' P < 0.025 when solution compared with solution D infused at 28 ml/min. 



liter). This was called solution E. and it was per- 
fused in 5 normal subjects. As shown in Figure 1 and 
Table 2, perfusion of solution E was also associated 
with minimal net water and electrolyte movement. 

Other Results 

In normal subjects there was no significant 
change in hemoglobin concentration, hematocrit, or 
serum electrolytes during administration of any of 
these solutions. Similarly, no changes were seen in 
the patient with ascites or the patient with chronic 
renal failure. 

The rectal effluent rate was significantly less with 
the BES at 30 ml/min than with solution D or E 
when the pump speed was set at 30 ml/min (P < 
0.001). 

There was a mean weight gain of 0.54 kg for each 
hour of perfusion with BES (Table 3). With D, there 
was essentially no change in weight regardless of in- 
fusion rate in either the normal subjects or the pa- 
tients with ascites and chronic renal failure. Like- 
wise with solution E, there was essentially no 
change in weight in normal subjects. 

The time required to obtain a clear rectal effluent 
(which coincided with the disappearance of BSP) is 
also shown in Table 3. At a pump speed of 30 ml/ 
min t the rectal effluent became clear in a mean time 
that was shorter with solution D than with BES (P = 
0.05). 

Discussion 

As shown in this study, total gut perfusion 
with a balanced electrolyte solution results in sub- 
stantial absorption of sodium, chloride, and water. 
For example, if a patient were to ingest a balanced 
electrolyte solution for 3 hr at a rate of 1.8 liters/hr 
(30 ml/min), which is the average time required to 
clear the colon, he or she would absorb about 2.4 li- 
ters of water and about 375 meq of sodium. This 



might be dangerous if the patient was not able to 
readily excrete the salt and water load. 

The purpose of the present study was to design a 
solution for total gut perfusion that would not be as- 
sociated with net water or electrolyte absorption or 
secretion. We were able to design such a solution, 
with sodium sulfate as the predominant salt. The 
electrolyte concentrations in our solutions were as 
follows (in meq/liter): Na * 125; SO, = 80; CI - 35; 
HC0 3 = 20; and K = 10. The solution also contained 
80 mM of a poorly absorbed nonelectrolyte (manni- 
tol or PEG). 

How can the near zero water and sodium move- 
ment seen with this particular solution be ex- 
plained? It is known that sodium is actively ab- 
sorbed (against an electrochemical gradient) by the 
intestinal mucosa when its accompanying anion is 
chloride. 9 However, active sodium absorption is 
markedly reduced when sulfate is substituted for 
chloride 10 as in our solution, and sulfate itself is a 
poorly absorbed anion." In addition, during per- 
fusion of our solution there was a slight sodium con- 
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Figure 1. Net water and sodium movement during total gut per- 
fusion with balanced electrolyte solution (BES). solu- 
tion D. and solution E (see text for composition). 
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in flic prl ralo 
iiiiuscvJ idle 


effluent rate 
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Snl ii 1 inn 


( m 1 /mini 
1 iii 1/ ifim f 


[ml/min) 


Normal 


5 


BES 


30 ± 1 


15.9 ±0.9 


Normal 


5 


D 


28 ±1 


29.1 ± 0.7 C 


Normal 


5 


0 


20 ± 1 


18.0 ±0.8 


Liver disease 0 


1 


D 


29 


30.2 


Renal disease 0 


1 


D 


20 


19.4 


Normal 


5 


E 


28 ±1 


27.4 ±0.7 C 



Weight change 
(kg/hr of perfusion) 



+0.54 ± 0.05 
-0.04 ± 0.05 c 
-0.02 + 0.05 c 
-0.09 
+0.07 

+0 03 ± 0.03 c 



Time required 
to reach 
steady state 
(hr) 



3.1 ±0.3 

2.2 ± 0.3 d 
3.2 ±0.4 
2.5 

3.2 

2.8 ±0.1 



r Represents one study in this patient. " Mean value of three studies in 1 paticnl. C P < 0.001 when compared with solution BES °" P - orr 
when compared with solution BES. 0 



centration gradient (plasma 140, luminal solution 125 
mcq/liter). and this must have resulted in a small 
amount of passive sodium secretion. Presumably, 
this small passive sodium secretion was balanced by 
a small amount of active sodium absorption, since 
net sodium movement was approximately zero 
when this test solution was perfused through the 
gut. 

Potassium movement in the GI tract is mainly pas- 
sive, in response to chemical and electrical gradi- 
ents. 12 Since the sodium concentration in our solu- 
tion was only slightly different from that of plasma, 
no sodium diffusion potential would be expected 
during its perfusion through the gut.* Also, sulfate 
substitution for chloride in intestinal contents does 
not result in a change in PD. 10 Therefore, perfusion 
of our solution would not be expected to alter sub- 
stantially the electrical gradient across the mucosa, 
and thus should not have a marked influence on po- 
tassium movement. Therefore, only 10 meq/liter of 
potassium had to be added to our solution to prevent 
net potassium loss during its perfusion. Presumably, 
the proximal small bowel absorbed enough of the 
potassium in the solution (in response to the concen- 
tration gradient from lumen-to-plasma) to com- 
pensate for potassium secretion in the colon (in re- 
sponse to the lumen negative PD which normally 
exists across colonic mucosa). 

Bicarbonate is normally secreted into the lumen of 
the ileum and colon, whereas bicarbonate is actively 
absorbed from the proximal small bowel. By incor- 
porating 20 meq/liter of bicarbonate into our solu- 
tion, proximal bicarbonate absorption presumably 
cancelled distal bicarbonate secretion. Chloride 
movement is passive in the proximal small bowel, 
but chloride is actively absorbed (against steep con- 
centration gradients) in the ileum and colon. 10 We 
found that 35 meq/liter of chloride had to be added 
to our test solution in order to obtain an overall net 
chloride movement of near zero during total gut per- 
fusion. Presumably, chloride was secreted passively 
in the proximal small bowel in response to the 



plasma-to-lumen concentration gradient, and an 
equivalent amount was actively reabsorbed in the 
ileum and colon. 

Isonatremic solutions of sodium sulfate are hypos - 
motic to plasma because plasma anions are mono- 
valent, whereas sulfate is divalent. If such a hypo- 
tonic solution was perfused through the gut, there 
would be a tendency for water to be absorbed. 
Therefore, we added a nonabsorbable solute, manni- 
tol, to our solution in order to render it isosmotic. 
Mannitol served its purpose well, since whole gut 
perfusion with this solution resulted in essentially 
no net absorption or secretion of water. 

Mannitol is fermentable and its metabolism by co- 
lonic bacteria yields hydrogen, an explosive gas. 13 
Consequently, preparation of the colon with manni- , 
tol-containing solutions might be hazardous in pa- / 
tients who are to undergo colonoscopy with elec- / I 
trocautery." 14 We therefore needed to find a I 1 
substitute for mannitol that cannot be metabolized 
by colon bacteria. We selected PEG for this purpose 
because it is nonabsorbable and Dr. Michael Levitt 
showed that fecal suspensions do not generate hy- 
drogen when incubated with PEG (personal commu- 
nication). Total gut perfusion with this modified so- 
lution was also not associated with significant salt 
and water absorption. This solution might, there- 
fore, be useful in cleaning the colon of patients who 
are about to undergo colonoscopy, and its perfusion 
probably will not result in accumulation of poten- 
tially explosive gases. 

Most of our studies were done in normal subjects. 
However, similar results were obtained in 1 patient 
with presumed secondary aldosteronism (cirrhosis 
with ascites) and in 1 patient with endstage renal 
disease. Both patients tolerated the solution well, 
without evidence of clinically significant salt and 
water absorption or secretion. Although there is no 
reason to believe that such patients will react differ- 
ently than normal people to total gut perfusion with 
our solutions, this experience with compromised pa- 
tients is obviously limited, and further clinical trials 
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arc needed before it can be assumed (hat such solu- 
tions will not adversely affect these individuals. 

In these experiments, we infused the test solution 
into the stomach at a constant rate in order to accu- 
rately measure absorption and secretion rates under 
steady-state conditions. Since the results were es- 
sentially the same when the infusion rate was 20 or 
30 ml/min, oral ingestion of the solution at 20-30 ml/ 
min (1.2-1.8 liter/hr) should result in essentially no 
water or electrolyte absorption or secretion. 

Both solutions taste better when they have been 
refrigerated. The cost of the ingredients (reagent 
grade) is S2.50-S5.00 per 5 liters, depending on 
whether mannitol or PEG is used as the poorly ab- 
sorbed nonelectrolyte. 

All solutions worth their salt need a name. We call 
ours "Golytcly." 
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DEFINITION 

The word diarrhea originates from the Greek terms dia 
(through) and rhein (to flow). Borland's Medical Diction- 
ary defines diarrhea as an abnormal frequency and liquid- 
ity of fecal discharges. 1 In our opinion, it is best to define 
diarrhea simply as an abnormal looseness of the stools 
(increased liquidity or decreased consistency). Diarrhea 
so defined is usually accompanied by an abnormal in- 
crease in daily stool weight (>235 gm/day in men, >175 
gm/day in women) and by an abnormal increase in bowel 
movement frequency (2*2 times per day). 2 Patients with 
diarrhea often have associated symptoms of abdominal 
pain, urge to defecate, perianal discomfort, and fecal 
incontinence. With moderate to severe diarrhea, many 
patients lose weight, probably due to reduced food intake. 
With severe or protracted diarrhea, volume depletion and 
electrolyte disturbances often develop. 

Confusion regarding definition may develop in rare 
cases when patients have daily stool weights that exceed 
the upper limit of normal yet have normal stool consis- 
tency. Neither Borland's definition nor ours would label 
this as diarrhea. Excessive fiber ingestion is the most 
likely explanation, but steatorrhea could theoretically also 
produce this paradox. Some people with formed stools 
have three or more bowel movements per day. Although 
this may represent an abnormality of bowel function, it 
does not meet either definition of diarrhea. Finally, some 
patients have abnormally loose stools but do not have 
more than two bowel movements per day; by our defini- 
tion, but not by Dorland's, this constitutes diarrhea. 



FOUR MAJOR MECHANISMS OF 
DIARRHEA 

There are four major mechanisms of diarrhea 3 : (1) the 
presence in the gut lumen of unusual amounts of poorly 



absorbable, osmotically active solutes (osmotic diarrhea); 
(2) intestinal ion secretion or inhibition of normal active 
ion absorption (secretory diarrhea); (3) deranged intes- 
tinal motility; and (4) exudation of mucus, blood, and 
protein from sites of inflammation. 



Osmotic Diarrhea 

Osmotic diarrhea is caused by ingestion of a poorly 
absorbable solute, usually a carbohydrate or a divaleiit 
ion as shown in Table 49-1. A hypothetical example is 
shown in Figure 49-1. A patient ingests 250 ml of fluid 



TABLE 49-1. SOME CAUSES OF OSMOTIC 
DIARRHEA 



A. Carbohydrate malabsorption from: 

1. Generalized malabsorption syndrome 

2. Disaccharidase deficiencies 

3. Congenital glucose-galactose malabsorption 

4. Congenital fructose malabsorption 

B. Excessive ingestion of poorly absorbed carbohydrate 

1. Lactulose therapy 

2. Sorbitol* in elixirs; "sugar-free" gum or mints; or from pears, 
prunes, peaches, and orange juice 

3. Fructose* from soft drinks, apples, pears, honey, cherries, dried 
dates, dried figs, grapes, pears, prunes 

4. Mannitol in sugar-free products, mints 

5. Bran/fiber 

C. Mg-induced diarrhea from: 

1. Food supplements 

2. Antacids 

3. Laxatives 

D. Laxatives containing poorly absorbable anions: 

1. Sodium sulfate (Glauber's salt) 

2. Sodium phosphate 

3. Sodium citrate 



•Data on the sorbitol and fructose content of various foods, gums, and drinks 
can be found in Gastroenterology **:30, 1983; J. Pediatr. 103:575, 1983; Arch. 
D*. Child 59:735, 1984. 
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diary of bowel activity so that stool weight per movement 
can be estimated, and a diary of food and liquid intake 
so that calorie, fat, carbohydrate, and/or fiber intake can 
be estimated from dietary tables. There should be no 
diagnostic test (e.g., lactose tolerance test, D-xylose test, 
or barium studies) that would disturb the normal eating 
pattern, add foreign material to the gut, or risk an episode 
of incontinence. All but essential medications are 
avoided. 

It should be remembered that the stools of a patient 
may vary considerably from day to day and week to week. 
When evaluating the results of quantitative stool analysis, 
one needs to know whether the submitted stool was 
collected during a time that the patient was having what 
he or she considers to be diarrhea. It is advantageous for 
the physician to actually see the collected specimen, since 
the definition of diarrhea depends on the subjective 
opinion that stool consistency is abnormally loose or 
liquid. 

Knowledge of stool weight may help to clarify the 
nature of the patient's problem and to localize the region 
of the intestine most likely to be responsible for the 
diarrhea. In some instances, knowledge of stool weight is 
of direct help in diagnosis and management. For example, 
stool weights greater than 500 gm/day are rarely if ever 
seen in patients with irritable bowel syndrome, 27 - 28 and 
stool weights of less than 2000 gm/day are evidence 
against pancreatic cholera syndrome. Also, very high 
stool weights alert the physician to the possible need for 
vigorous fluid replacement. Low stool weight in a patient 
with "severe diarrhea" suggests that incontinence or pain 
may be the dominant aspect of the patient's problem. 

In special instances, it is useful to determine whether 
diarrhea persists during a 48-hour fast, while the patient 
is given glucose and salt solutions intravenously (see 
above under Secretory and Osmotic diarrheas). 

Quantitative Fecal Fat Excretion. The amount 
of fat in stool is usually quantitated by the titration 
method of van de Kamer. 29 In most clinical laboratories, 
the upper limit of normal for fecal fat measured in normal 
subjects ingesting normal amounts of dietary fat is about 
7 gm/day. 28 ■ 3 *- 33 By definition, values greater than this are 
abnormal and signify the presence of steatorrhea. How- 
ever, in a study of normal subjects, induced diarrhea 
often caused fecal fat excretion to rise above the upper 
limit of normal 33 ; this occurred in 21 per cent (6 of 29) of 
subjects with mild to moderate diarrhea (fecal weight 
^800 gm/day) and in 58 per cent (11 of 19) of subjects 
with severe diarrhea (fecal weight >800 gm/day). Thus, 
even when mechanisms of digesting and absorbing dietary 
fat are intact, diarrhea per se frequently causes what can 
be termed secondary steatorrhea, with values as high as 
13.6 gm/day. Therefore, in patients with diarrhea, an 
abnormal fecal fat value between 7 and 14 gm/day will 
have a low specificity for accurately diagnosing primary 
defects in fat digestion or absorption. On the other hand, 
abnormal results of 14 gm/day or higher will be more 
specific for diseases that impair fat digestion and/or ab- 
sorption (i.e., diseases of the exocrine pancreas, the small 
jntestinal mucosa, and the enterohepatic circulation of 
bile salts). 

Fecal Electrolytes, Osmotic Gap, and Osmolal- 
frv. These measurements are made in supernatant (stool 



water) obtained after a stool sample is centrifuged. Since 
the results are expressed in concentration terms, the 
analysis can be done and the results interpreted from spot 
samples or from specimens collected quantitatively over 
24 to 72 hours. 

In secretory diarrhea, the fecal fluid should be rich in 
monovalent electrolytes since secretion of electrolytes or 
failure to absorb electrolytes is the primary cause of the 
diarrhea. By contrast, osmotic diarrhea is caused by the 
osmotic effect of poorly absorbed solutes that are ingested 
in the diet or as medication. In osmotic diarrhea, the 
fecal fluid is rich in the ingested nonabsorbable solute 
and should have a low concentration of electrolytes. In 
principle, therefore, secretory and osmotic diarrhea can 
be differentiated by measurement of fecal electrolytes. 

The^ monovalent electrolyte composition of fecal fluid 
can be estimated by the sum of the sodium and potassium 
concentrations, multiplied by a factor of 2 to account for 
associated anions. When this value is subtracted from 
fecal osmolality, the "osmotic gap" is derived; the osmotic 
gap should be large in osmotic diarrhea and small in 
secretory diarrhea. Originally, the calculation of fecal 
osmotic gap was performed by using the measured os- 
molality of fecal fluid. 3 This entails several problems. 
First, fecal fluid osmolality rises progressively from the 
time feces are emptied from the rectum, owing primarily 
to bacterial fermentation of fecal carbohydrate. The rise 
begins immediately and is reduced, but not prevented, 
by refrigeration. 3 Since the rise in osmolality during 
storage is by generation of solute that was not present 
while fecal fluid was in the gut lumen, and since fecal 
monovalent ions do not change during storage, the rise 
in osmolality distorts and exaggerates the magnitude of 
the osmotic gap that existed in fecal fluid as it was expelled 
from the rectum. A second problem with measuring fecal 
osmolality is that the value obtained differs depending on 
whether one uses freezing point or vapor pressure os- 
mometry. On average, fecal osmolality by vapor pressure 
is lower by about SO mOsm/kg than fecal osmolality by 
freezing point depression. Discrepancies of as much as 
100 mOsm/kg are sometimes observed. 34 

Fortunately for present purposes, the intestine has no 
diluting or concentrating mechanism, and ingested fluids 
and digestive secretions that enter the intestinal lumen 
are rapidly equilibrated toward the osmolality of plasma. 
Since plasma osmolality rarely deviates far from 290 
mOsm/kg, the osmolality of fecal fluid as it exits the 
rectum is also close to 290 (Fig. 49-4). Fecal osmotic gap 
can therefore be calculated by subtracting the combined 
concentrations of monovalent electrolytes from 290. 

Recently, the validity of these concepts was evaluated 
by inducing diarrhea in normal subjects by having them 
ingest phenolphthalein, which causes secretory diar- 
rhea, 35 " 38 and by having them ingest a variety of solutes 
that cause osmotic diarrhea. Normal subjects with in- 
duced diarrhea were studied rather than patients with 
diarrhea, because in patients there is no practical inde- 
pendent way of knowing the mechanism(s) of diarrhea. 

The results of this study are summarized in Table 49- 
6.* In all instances of phenolphthalein-induced diarrhea, 
the osmotic gap was less than 50, and in each instance of 
diarrhea induced by magnesium hydroxide, PEG, lactu- 
lose, or sorbitol, the osmotic gap exceeded 50. Only in 
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A Low-Sodium Solution 

for Gastrointestinal Lavage 
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Golytely® is a sodium sulfate-based solution used for 
lavage deling of the colon. Although mostpatienL 

dZZ& ZZr cfoan.iag, it, highly salty taste is a 
T^fl ^, r8lK : rt describ « *e development of 
a modified lavage solution that has a barely percepti- 
ble salty t*e. This solution was developed by 

^ conception of 
po rethylene glycol, and making minor adjustment, 
ta the concentration of other «It«. Golytely. reduced 
sodium sulfate Golytely (GoIytely-RsS ^dTSt 

stomachs of normal subjects. After steady-state la- 

ZaTJ^T™ ^ rati of fiu£l 

and electrolyte absorption were measured- Average 

.(™T! trptf 7 tI Wte was 791 nuTh with the balanded 
mT^S? ^°' I Utf °"' COm P^ with only S3 and 45 
mi/h wnh Golytely and GoIytely-RSS, respectively 

^-Uiyh. and the time and volume of solution 
«qnlred for colon cleansing was determined,- the 
fe£ ISS 1^, took longer but^ired 

Go!y^eIy-RS3 has the essential feature- of Golytel* 
^lavage is associated with negligible salt and 
water absorption- Theles^alty Uste of GcIytcIy-RSS 
««r make it less difficult to drink and thereby 
enhance patient compliance: the total volume of 
«fcdta required for cleansing b less when the 
wluaon is ingested at 0.9 Uh than when the inges- 
tion rate is LB L/h. * 



to minimis salt and water absorption fil Th* 
rmportant ingredient is sodium sulfate 1 Su Si T' 
poorly absorbed cfiv a f-„r ■ 5Ui ^ie. buiface is a 

■ntaai anion Gokte^t . ?" ! *>°' to <"« <««lu- 
Tf,.XT ,i l "8 h, >' al V is a drawback 

«»* new -solution, which we call 
solutions. ,e33 -«P>d ingestion rates of lavage 



gefore 1980. gastrointestinal lavage for bowel 
,wJ ; i mvolv ei ingestion of isotoaic saline. A 
ITb^L^Z ° f the ****** ' oI "tion was ab- 
nol it, Uga h *"' rf to P a0ents who ^e unable to 
normally excrete large salt and water loads Golytely 
«■ a gastrointestinal lavage „ buSaa ^ d JgJ 
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Materials and Methods 
Sufa/ects 

These experiments were conducted in normal healthy 
volumeers who were paid a fee for their participation in this 
research The study was approved by the Human Research 
Review Committee of Baylor University Medical Center. 

) 

Test Solutions 

The compositions of the rest solutions used are listed 
in Table X. PEG 3350 wt^ obtained from J.T. Baker Company 
(Jackson, Term-). 

Measurement of Sail and Water Absorption 

Absorption rares were measured by steady-state total 
gut perfusion, as previously described (1,11). Solution* were 
infused into the stomach at 0 pomp speed of IS, 20. or 30 
ml/rain (0.9. 1J, or U3 LSh\. Actual measured infusion rates 
were determined from the volume of fluid infused over the 
length of the study period: these differed only slightly from 
the pump speed settings. As the intragastric infusions were 
begun, 200 mg of sulfa bromophtbalein (BSP) was, injected 
into the stomach through the infusion tube. When watery 
diarrhea ensued- the stool specimens were checked for BSP 
by eJkalfnizarjon with sodium hydroxide. When all BSP had 
been eliminated, we assumed mat a steady state of perfusion 
had been achieved. The rectal effluent became clear of all 
vfcribte face] material about 30 min before BSP disappeared. 
The perfusion was continued for 3 h after BSP disappeared 
from the lavage effluent, during which time 0 30 -min 
collections were obtained: the PEG concentrations in these 6 
samples were essentially the same, giving farther evidence 
of a sready state.. Lavage aSuenr in tha 6 samples were 
analyzed for PEG and electrolytes by previously described 
methods (LI 1), Net absorption or secretion of water and 
electro r/Tea was calculated by standard nonabsorbable 
marker aquations. 

These studies wera conducted after an overnight fast. For 
Gofytely and Goiytery-RSS studies, the subjects received no 
preparation other than the overnight fast. For the bala n ced 
electrolyte solution studies, the subjects Ingested mannitol 
Golyfely (PEG replaced by mannitol, as described in refer- 
ence I) during the evening before the study to cleanse the 
colon and thereby shorten the time required to establish 
steddy-tfata conditions during the subsequent experiment. 
This was dona because cleansing the colon with the bal- 
anced electrolyte solute, adrieving e steady state, and then 
conb'ntring the perfusion for an additional 3 hours (for 
measurement of absorption rate in the steady state) was 



possibly hazardous due to the large fluid and salt loads 
which are absorbed. 

Data Analysis 

Group dffiarences were analyzed by one-way analy- 
sis of variance or f- tests with a Bonfexroni correcTjoo where 
appropriate (12); p < 0.05 was considered rignnjcanL 

Results 

Preliminary Studies 

If an isoosmorjc solution of pure PEG were 
used as a lavage solution, plasma solutes would diffuse 
inio'the lumen down steep concentration gradients 
and be washed away during the lavage procedure. 
The "effective osmotic measure of such a solution 
would be much higher than that of plasma (131, and 
there would therefore be large osmotic-induced water 
losses as well. To prevent such losses, electrolytes 
must be added to the ingested solution, and the 
concentration of PEG must be reduced- By trial and 
error, involving 5 preliminary studies, we arrived at 
the GoJytely-RSS solution described in TabJe 1. The 
modified solution has a PEG concentration of 105 g/L, 
compared with 60 g/L in Golytery; its sodium concen- 
tration is 65 mJSq/L and its osmolality by freezing 
point osmometry is 288 mosmoL/kg. 

Water and Electrolyte Absorption/Secre don 
With Vartaus Test Solutions 

Average results are depicted in Table Z. During 
perfusion of a balanced electrolyte solution (1.5 L/h), 
water absorption averaged 791 ml/h. By contrast 
perfusion of GolyteJy (1.8 L/h) and GoIytely-RSS (0.9. 
1J2. or 1.8 L/hr) was associated with average rates of 
water absorption of 63 and 45 ml/h. respectively. 
Comparison of Gorytely and Golyiely-RSS revealed 
no si gnifi cant differences between the two solutions 
with respect to water, sodium, and chloride move- 
ment Significant (p <0.01) differences do exist with 
regard to potassium and bicarbonate movements, but 
these arc numerically small. With the exception of 
water and chloride, none of the movements associated 
with GoIytely-RSS are significantly different irom 
zero. Results with Golytety-RSS at the three infusion 



Tdbkt. CacapOBxU'on of Solutions _ ^ 

_ ^ ^ ^ HCOr SO,- PEC* OsmoUuV 

Solution fm£q/L) (fflEo/L) jmEq/L) \mEq/L) (m£q/L) \mo*mol/kg\ 

Balanced electrolyte 140 4 ..." 104 40 0 2 27° 
Colyraly US 10 3S 20 40 60 280 
ColYter/-RS5 6j _S 53_ 17 o 106 zsa 

•PEG 3350. ^Osmolality of the solutions was determined by freeing point osmometry 
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Table 2. Net Movement of Water and Electrolytes During Steady-Staxe Perfusion 



) 

Balanced elccn-oiyte 
Golytely 
Gofyteiy-RSS 



Pump 
Speed 

tC/hl 



[ml/h] 



Net movement* (xn£q/h| 



1.3.1.2, 
and 0.9 

Probability (AJNOVAj. all solutions 
Probability (r-cest|. ColyceJy v ff . Golytely-RSS 
Comparkan ai infumoa races 
Gofytely-R£6 1.8 
CoJytoiy-RSS Ui ' 

Goiytely-RSS o.g 
Probability (ANOVAJ. aD rates 
Probability ft-tesr), 0.9 vg. l_B 



17 
L4 

21 



-701 =34 

-45 x 22 

<0.0l 
NS 

-45 - 44 
-54 r 29 

NS 

NS 



Na" 




a- 




- til x 5.1 
r 3.6 
f-3.9 x 2.3 


-Z.0 x 0-2 
~2j0 x 0.B 
OiW - 0.2 


-71 x T-.7 
+«-fl x .1.5 
4-S-4 x 3.3 


+o.8 x o.a 


<0.01 
MS 


<U.Ol 


NS 


<0.U1 
<rtf.01 


+ 5.2 r 5-6 
+ 4^ = 5.3 
1-1.9 * 4*1 

NS 

NS 


+0:7 s 0.4 

~0.fl <5 0.3 

-0.1 r 0.1 
<0.05 
NS 


+ 16.2* 5 J 
4-9-fl js 5 a 
-0.9 c 4.1 
NS 
NS 


+1-2 r 0.9 

+ij = o.a 
NS 
NS 



i • v l^O 

ANOVA. analysis oi variance. Table entries are /jjven mean * SE. "Minus rfgna denote net absorption; plus sip* denote necsecrednn. 



races were similar and. not significantly different ex- 
cept for potassium movement, where the differences 
are smaiL 

The individual values for net wafer and sodium 
movement are shown in Figure 1. The range of water 
and sodium absorption or secretion rates were similar 
^ with Golytely and Golytely-RSS, with no subject 
absorbing or secreting more than 228 ml/h. By con- 
trast, with a balanced electrolyte solution some sub* 
jects absorbed more than 1 L/h. 

Time and Volume Required foe Complete 
Svdfabroajjophthajein Clearance 

Sulfabromophthaiein was injected inc& the 
stomach as the intragastric infusion of lavage solutions 
was started- The length of the infusion and the volume 
of fluid that had been infused when BSP disappeared 
from the rectal effluent are shown in Table 3. Results 
with the balanced electrolyte solution are not pro- . 
vided because studies with this solution were con- 
ducted after preliminary colon cleansing (for reasons 
explained in Materials and Methods). Results for 
Golytely and Gofytely-RSS were similar when che 
solutions were infused at a race of 1£ L/h. When 
Golytely-RSS was infused ac l.fl L/h. BSP disappeared 
in about 3 hours, compared with about 4 hours when 
this soiurioo was perfused at a rate of 1J2 or OS L/h 
(p <l 0.011. The volume of solution infused when BSP 
disappeared decreased as the infusion race was de- 
creased, from 5.34 L at 1.8 L/h to 3.76 L at 0.9 L/h 
(p < 0.06J. 

Other Observations 

The effects of lavage with a balanced electro- 
lyte solution and with Golytely on serum electrolytes 
and hematocrit have been previously reported (1). 



) 



There were no clinically significant changes in serum 
electrolytes or hematocrit during lavage with Golytely- 
RSS. There was no gain or loss of weight following 
Golytely-RSS lavage. 



Discussion 

The major objective of this research was to 
develop a solution for gastrointestinal lavage that 
wouid have two features: (a) be associated with negli- 
gible net absorption or net secretion of water and 
electrolytes, and (b) have a much lower sodium concen- 
tration than Colytefy to reduce the salty taste. These 
objectives were accomplished by omitting sodium 
sulfate. Increasing the concentration of PEG, and 
making minor adjustments in the concentrations of 
other ions. The unusual cufligative properties of PEG 
(10] allowed this to be done with only a modest 
increase in the concentration of PEG, from 60 g/L with 
Colytely (PEG contribution to osmolality - -50 
mosmol/kg) to lOSTg/L with Golytely-RSS (PEC contri- 
bution to osmolality — -148 mosmol/kgj. 

Lavage with both Golytely and Golytely-RSS was 
associated with near-zero average rates of water and 
electrolyte absorption. However, this does not mean 
that all subjects had zero or near-zero absorption 
rates. Presumably because or variations among people 
wich regard to ion transport capacities and intestinal 
permeability, some subjects absorbed or secreted as 
much as 22$ ml of fluid per h. Given that in practice 
(for colon cleansing) the. bvage lasts for 2-3 h. this 
could mean that up to 634 mi of water and 30 m£q of 
sodium could be gained or lost to the body. Such shifts 
are substantially less than are known to occur with 
laxatives and enemas (14,15) and much less than occur 
with balanced electrolyte solution lavage (Figure ij. in 
which some subjects absorb more than 1 L of Buid per 
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h (more than 3 L if such solutions were ingested over a 
3-h period) 

It is interesting to consider the different mecha* 
nisms by which Golytejy and GoIytely-RSS lavage are 
associaied with minimal absorption or secretion. So- 
dium is actively absorbed by the inrestine when its 
accompanying anion is chloride (16|, but active so- 



dium absorption is markedly reduced when sulfate is 
substituted for chloride (17). Moreover, sulfate is a 
poorly absorbed anion (18-21): as sodium Is actively 
absorbed sulfate cannot follow passively, leading to 
changes in electrical potential (luminal side negative) 
across the mucosa (22) that secondarily inhibit further 
net sodium absorption. Sulfate inhibition of sodium 



Table 3. Time and Volume Required to Compielefy Clear the Intestine of Sulfabromaphthalein 



Pump Speed 



Solution 



(Ub) 



(ml/min} 



In/usion 

Rare 
(ml'' mini 



Time 
(b) 



(Li 



Zc\yte\y. n « 14 
^ofyti»fy-R$S, Ah? 
>3lytaly-RSS. d — 7 
^o)yiefy-RS6. n — 7 



1 8 
t.a 

1-2 
0.0 



30 
30 
20 
IS 



28.6 c 0.6 
30 0 - 0.2 
20.5 r 0.3 

15.7 * 0.1 



3.07 * 0.2 
2.99 r 0.2 
3.98 = 0.3 
3.98 = 0.3 



5.23 = 0 4 

5.3-1 = 0.4 

4.JJ9 * 0 * 

3.76 = 0.3 



'able en trie* ore given as mean = S£ 
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absorption is the major mechanism by which Golytely 
lavage is associated with negligible fluid and electro- 
lyte absorption. The principles governing Quid and 
\ electrolyte movement with Golytely-RSS are dif- 
ferent. In contrast to Golytely, with Golytely-RSS 
lavage the luminal sodium concentration is much 
lower than that in plasma and mere is no poorly 
absorbable anion. The low sodium concentration of 
luminal fluid creates a concentration gradient against 
which sodium must be absorbed, which reduces net 
sodium absorption (16). The rate of sodium absorption 
is baJanced by the rate of passive sodium secretion 
(down the concentration gradient}, resulting in near- 
zero netsodium movement. PEG. a very poorly absorb- 
able nooelecrrolyte [10.Z1J. i s present in the solution to 
increase the effective osmotic pressure and thereby 
prevent water absorption, which if it occurred would 
contract luminal volume and cause luminal sodium 
concentration to increase, which in turn would result 
in sodium absorption. Because the sodium concentra- 
tion of luminal fluid is much lower than mat of plasma 
diffusion potentials cause the mucosal side of the 
intestine to be electrically positive (20J. Mucosal posi- 
tivity favors absorption of potassium and secretion of 
chlonde: therefore, it was necessary to reduce tbe 
potassium concentration and increase the chloride 
concentration of Golytely-RSS to teep net potassium 
and chloride movements at zero. 

In spite of these different mechanisms of action, the 
chnxcal results of lavage by Golytely and Golytely- 
K55 are similar. Le.. cleansing of the intestine with 
negligible absorption or secretion of fluid and electro- 
lytes. Small differences In potassium and bicarbonate 
absorption or secretion rates were noted, both in 
directions favoring (i.e., nearer zero movement} 
Golytely-RSS. It is hoped that the less-salty taste of 
Colytely-RSS will improve patient compliance. Un- 
published results a. a. DiPalma. personal communtca- 
aon. March 1969) have shown that m blinded trials 
most patients undergoing lavage for colonoscopy pre- 
fer the teste of Golytely-RSS over Golytely and that 
colon cleansing with the two solutions is equal. 

A second purpose of these studies was to measure 
the length of ttme and volume of infused solution 
required to cleanse the colon at three different infu- 
sion rates. Because the gross appearance of rectal 
erouenrts subjective. w e used as our endpoint the timp 
required to remove completely BSP that had been 
in, ected into the stomach ar the start of the intragastric 
mrusjon. Sulfabromophthalein clearance from the 
rectal effluent is an objective measure of the time 
required to cleanse the intestine thoroughly When the 
solution was Infused at 0.0 LAi. the time 'required to 
cleanse the colon was about 1 h longer than when the 
infusion rate was 1.8 C/h (about 4 v s . about 3 hi 
However, the volume of infused solution required to 



cleanse the colon was about 1.5 L less when the 
infusion rate was 0.9 L/h than when tafuln n£ w„ 

IL« Vl M T 3 ' 76 Lh Tk < *- S flumes 
reported here do not exactly reflect the rtmea and 
volumes used in clinical practice because we Sntin 
ued the infusion right up to the time that BsTwi 
totally cleared from the lavage effluent fn ScJ? 
times and volumes for complete cleansing w 0 uW be 
somewhat less because colon lavage conlnues for a 
penod of time after solution ingestion has been dU on * 
bnued. Nevertheless, the times and volumes wT^ave 
pryented should correlate qualitatively wtth times 
and volumes used in clinical practice. To the extent 
tot a arge volume of fluid ingested (rather thar Uhe 
tune of .ngesnonj represents the most difficult aspect 

nin^f ^ 3 a9 " L/h ^estion rate (rather 
tiuui the commonly recommended 1.8-L/h ingestion 
rate) should improve patient acceptance. 



References 



) 



°!T f f " na ° A - MarawsW SC. Fotdtraa fS. Dovelop. 
mane of a lavage solution a«ociated with mfotaai ^ al £ 
dacwolyta absorption crsacteoon. Carfroan^Iogy UMTVJiaX- 

1 Gpldaan f. Rwiwldefer M. Evaiuahoo of rapid colonoscopy 
preporaooo wing , new gut lavage «ot unQn . Gisooimtut Zn- 
dosc 1382:23:9-11. " 

3. Thorny C. Hcowwfcy S. faenberg Jt ft, dam acceptance aad 
eRe«lveoeM o( . balanced lavage solud™ (Golytely) y er3a3 di* 
^idaxd preparation for coianoawpy. Catroenteroiogy t gg 2 -j3: 

4. Ernstoff jj. Hewd{d DK Maf3baU fa /umjhyd A McCuflough 
A . a randomised bUnd«i cluUcal trial of a rapid colon*: lavage 
« udoa (Coiywlyj compared with atandard preparation for 

s. DlPalma (A. Brady CE. Plerson WP Colon cleansing: accep- 
tance by older patients. Am f Castroenterol lfl8e.-attfS2-5 
e. FUtaa Ra. Manual! JT3. Edchauser Mi, Mainour EC. tabembo 
AL. McCdlough Af. Tha efficacy of polyethylene glycol- 
electrolyte lavags solution. v«c»us traditional mechanical bovel 

Hire. Maided dtaual WaL Surgery t98SSS.-70S-15 
7 Oral electrolyte solution for colonic lavage before colonoscopy 

or banian enema. Mad Leer 1985^7(638 J:39-to 
6. NarttU A • Wfauwcfc |V. Moccholcl: MC. Bora NL Migdal 3. 
Stfe* and efficacy of golytely colon preparation in end rag e 
reaal£eilur».Castroince3tEnd/McissS3i:i7a 
9. Ptxlcvo fU Forooran P. Colyrety lavage verau, a aandard 
cotono^py preparation: aflfoct or normal coloaJc muco=U 
ruitoloj£y. Caatroentcrology i9sS:flaS45-S 

l °- fS% UL , E, rr M - Sa - Q An. CAPordcrao /S . Oacodc 
affects of potyethyfeo^ glycol. Casttoentaro/ogy 19S«.TM^3a_ti 

15. Stndw of the tnechaniam of the anddiarrfMal effect of 
codetna. / Clin Invest 19flS;70.-9S9-t(M5. 

li yT?ZZ Ma ^ f FI - teffodurt *« '« SUtiancal Annly^. N<S w 
f Of fc McCraw- KUL 1SH9. 

13. Fordo^n /3. Reaor FC. Jr. Ewwn MF. 3ocer 4 sf. JGnoay I. 
P*nne B bi!lty charactarladc. of the human *n 8 il tnw«>itf. f Clin 
(a vost 1965:44:19.15-44. 



189 



I*. Bvrbigc EJ, Bourfce £ Tinier C rff^-f „r 

iSSiSr iK **** ^« 

"%^HW,iS; 4- colon. G^ax^uer. 
21- fl»* CE RL DtPefou ja. Mo rewJa - BG. Sent, ^ ^ 



GASTROE>OEROLOCy 



V "J- aa. No: j 



^ewluaoo.Ga^^i^^ 6 "* electrolyte 
%cJ r r 3 c t ^^^ c ^SC 1 For*™ 



Jwaaxy 3 . ^ Accept Apn7 3^ " 

^wSSSrCS^' CraiJI 

cal fat**, fa C c S^^SSElfc I** W ° W 
torice Inc. ■ tnfljjHfacQB^i by Braintrw Ubora- 

Tha authors thant Marcia H„« . .., 

i** p»p^<»sS5r^™ i £km " mw ~ i «*** 



190 



0002-9270/93/6808- 1 2 1 8SO3.00/O 

The American Journal of Gastroenterology 

Copyright© 1993 by Am. Coll. of Gastroenterology 



Vol. 88. No. 8, 1993 
Primed in U.S.A. 



A Comparison of the Effectiveness and Patient Tolerance of 
Oral Sodium Phosphate, Castor Oil, and Standard Electrolyte 
Lavage for Colonoscopy or Sigmoidoscopy Preparation 

Byron E. Kolts, M.D., F.A.C.P., William E. Lyles, M.D., Sami R. Achem, M.D., F.A.C.P., Linda Burton, R.N., 

Arthur J. Geller, M.D M and Terry MacMath, M.D. 

Division of Gastroenterology and Nutrition, Department of Medicine, University of Florida Health Science Center/Jacksonville, 

Jacksonville, Florida 



One hundred thirteen patients were randomized to 
receive either oral sodium phosphate (Fleet Phos- 
pho-Soda), lemon-flavored castor oil (Purge), or 
standard polyethylene glycol-based lavage solution 
(GoLYTELY) before elective colonoscopy. The study 
purpose was to confirm the efficacy of oral sodium 
phosphate and extend observations to include castor oil. 
Overall, patients reported that sodium phosphate and 
castor oil were easier to complete (p < 0.05), Scores 
for cleansing the entire colon as determined by endos- 
copists who were blinded to the cathartic agent were 
highest in patients receiving sodium phosphate (p < 
0.02). Scores of left-colon cleansing for flexible sig- 
moidoscopy were equally high for the three methods. 
Scores for taste and symptom side effects were similar 
for each preparation. There were no recognized signs or 
symptoms of hypocalcemia in the sodium phosphate 
group. Because of the low cost of oral sodium phosphate 
combined with the lowest repeat endoscopy rate for 
inadequate cleansing, patient savings were projected to 
be $5000 per 100 patients at this center. Oral solium 
phosphate is a cost-effective colonoscopy preparation 
that is better tolerated and more effective than the 
polyethylene glycol-electrolyte lavage solution or castor 
oil. 



INTRODUCTION 

Osmotically balanced, polyethylene glycol (PEG> 
based solutions have replaced the rigorous pre- 1980 
colonoscopy preparations that consisted of 2 days of 
enemas, clear liquid diet, and laxatives in various com- 
binations. Patients tolerate the electrolyte lavages 
(GoLYTELY, CoLYTE, and Klean Prep) better than 
the standard 2-day cleansing methods (1-4). 

When compared with large- volume saline solutions, 
electrolyte lavage is safer due in part to reduced fluid 
shifts between the gut lumen and the systemic circula- 
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tion (1-4). However, the large volume of electrolyte 
lavage can reduce patient compliance. As an example: 
from this center in 1989, 20% of colonoscopy prepa- 
rations were inadequate to rule out diminutive polyps 
and arteriovenous malformations. One-third of those 
(7%) required another catharsis. Flavored and less salty 
lavage solutions have been recently introduced. How- 
ever, blinded studies report no improvement in colon 
cleansing scores or patient tolerance (5, 6). 

In 1990, a report from Vanner et cd. (7) was the first 
to describe the efficacy and safety of oral sodium phos- 
phate as a colonoscopy preparation. Although sodium 
phosphate was better tolerated and more effective than 
GoLYTELY, it is still not widely accepted for colon 
cleansing. There are currently no studies confirming 
the observations of Vanner et al Furthermore, there 
are no studies examining the tolerance and efficacy of 
castor oil as a colonoscopy preparation method. This 
study was undertaken to compare the efficacy of small- 
volume preparations, oral sodium phosphate, and cas- 
tor oil, with the large-volume standard PEG-electrolyte 
lavage. 

METHODS 

Demographics 

One hundred thirteen (113) consecutive outpatients, 
requiring an elective colonoscopy and consenting to 
enter the study, were recruited in an 8-month period 
from April to December 1991. They were prospectively 
randomized to receive either oral electrolyte lavage 
(n = 38), sodium phosphate (n = 34), or castor oil 
(n = 4i). 

Exclusion criteria included acute diverticulitis, active 
inflammatory bowel disease, unstable cardiovascular or 
respiratory status, allergies to all available conscious 
sedation medications, myocardial infarction or cerebro- 
vascular accident in the last 2 months, serum creatinine 
greater than 2.0 mg/dl, massive ascites, or delayed 
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gastric emptying. Patient age, gender, and indication 
for elective colonoscopy are listed in Table 1. 

The study was approved by the University of Florida 
Health Science Center at Jacksonville Institutional Re- 
view Board for human experimentation. All patients 
gave written informed consent. 

Study solutions 

Following enrollment in the study, a physician gave 
general instructions to each subject. Patients received a 
liquid diet the day before the procedure and remained 
non per os after midnight. To maintain physician blind- 
ing, the colonoscopy preparations with printed instruc- 
tions were distributed by the pharmacist after random- 
ization. Those patients randomized to the electrolyte 
lavage received 4 L of GoLYTELY (Braintree Phar- 
maceuticals; containing 236 g PEG 3350, 22.74 g so- 
dium sulfate, 6.74 g sodium bicarbonate, 5.86 g sodium 
chloride, and 2.97 g potassium chloride). They were 
instructed to begin the preparation at 6 PM by drinking 
an 8-oz glass every 1 0 min until the 4 L were consumed. 
Those patients randomized to the sodium phosphate 
method received 45 ml of Fleet Phospho-Soda (Fleet 
Pharmaceuticals; containing 48 g Na(P0 4 )2 + 18 g 
NaHPO 4 /100 ml) diluted 1:1 with water (total of 90 
ml; 64 mg phosphorus/ml) at 6 PM the evening before 
the procedure and at 6 AM the morning of the proce- 
dure. The patients were instructed to drink at least three 
12-oz glasses of water 1 h after the 6 PM dose. The 
castor oil group received 60 ml of Purge (Fleming and 
Company) containing 95% castor oil with a lemon 
flavoring) at 6 PM the evening before the procedure. 
These patients were also instructed to drink at least 
three 12-oz glasses of water 1 h after the 6 PM dose. 

Patient acceptance 

The day of endoscopy, each patient complete^ a 
questionnaire under the supervision of a nurse research 
coordinator. Patients ranked the ease of completing the 



Table 1 

Demographics on J 13 Outpatients Having Elective Colonoscopy 







Groups 




Category 


Electrolyte 


Sodium 


Castor 




lavage 


phosphate 


oil 


Number 


38 


34 


41 


Age (range) 


58 (23-84) 


52 (25-79) 


51 (17-78) 


Sex 








Male 


20 


7 


17 


Female 


18 


27 


24 


Indications (%) 








GI bleed 


32 


32 


44 


Polyps 


45 


44 


29 


Anemia 


2 


6 


3 


Diarrhea 


5 


3 


17 


Constipation 


5 


3 


0 


Other 


11 


12 


7 
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preparation (tolerance), by choosing one of five cate- 
gories: easy, tolerable, slightly difficult, extremely diffi- 
cult, and unable to finish. In addition, they ranked the 
severity of specific symptoms as none = 0, mild (nausea 
and bloating) = 1, moderate (mild cramps with vomit- 
ing) = 2, and severe (significant cramps with vomiting) 
— 3. Taste was rated by choosing one of the following 
categories: excellent, good, tolerable, barely tolerable, 
or unacceptable. 

Prep quality 

Following the procedure, a Gastroenterology fellow 
and a faculty member jointly recorded the quality of 
colon cleansing. The quality grades were excellent 
(small volume of liquid easily aspirated, but covering 
less than 5% of the colonic surface), good (volume of 
clear liquid covering 5-25% of the surface but could be 
easily aspirated to expose nearly all the mucosa), fair 
(stool limited the examination but 90% or more of the 
mucosa could be examined), and poor (less than 90% 
of the mucosa could be examined). The Gastroenter- 
ology fellows and attending faculty remained blinded 
to the type of preparation and the questionnaire results. 

Assessment of safety 

After the questionnaire was completed and before 
receiving iv sedation, each patient was questioned about 
symptoms of fainting, light headedness, paresthesias, 
palpitations, muscle spasms of the extremities, or sei- 
zures that might suggest symptomatic hypocalcemia 
due to hyperphosphatemia. During the pre- and post- 
procedure periods in the endoscopy suite and the re- 
covery area, patients were monitored electronically for 
hypotension, and visually for tetany, laryngospasm, 
muscle cramps, and convulsions. 

The effect of oral sodium phosphate catharsis on 
serum calcium and phosphate levels was evaluated in 
five additional patients. Blood samples were drawn 
before dosing as a baseline, at 8 AM (2 h after the 
second dose) and 4 PM (10 h after the second dose) the 
day of the colonoscopy, and at 8 AM the following day 
(26 h after dosing). 

Statistical analysis 

Significance of the questionnaire responses was ana- 
lyzed by the Pearson x 2 method and the Kruskal-Wallis 
nonparametric analysis of variance. A p value less than 
0.05 was considered significant. 

RESULTS 

The three patient populations were comparable in all 
demographic criteria except for the male:fernale ratio 
in the sodium phosphate group (see Table 1). The 
female preponderance in this group did not appear to 
bias the study in any observable manner, since the 
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colonoscopy indications were similar to the other 
groups. 

Scores for patient tolerance (ease of completing the 
preparation) are shown in Figure 1 . Thirty-nine percent 
described the ease of completing the electrolyte lavage 
as easy and 26% as tolerable compared with 44% and 
44% for the sodium phosphate solution, or 56% and 
27% for castor oil, respectively. The differences were 
not significant. However, when the data for easy and 
tolerable ratings were combined, both the sodium phos- 
phate solution (88%) and the castor oil (83%) were 
rated significantly better than the electrolyte lavage 
(66%) (p < 0.02). The percentage of patients unable to 
finish the preparation was not different among the three 
groups (3% for the electrolyte lavage, 0% for the phos- 
phate method, and 5% for castor oil). 

In the evaluation of taste, there were no differences 
found between the groups as shown in Figure 2. More 
than 70% of the patients in the three groups rated the 
taste as tolerable or better (76% for GoLYTELY, 78% 
for castor oil, and 7 1 % for sodium phosphate). For the 
evaluation of symptom side effects, there were again no 
differences found between the groups as shown in Fig- 
ure 3. 

The quality of colon cleansing for the three prepara- 
tions is presented in Figure 4. Oral sodium phosphate 
solution was better in achieving an excellent (38%) or 
good (41 %) cleansing score compared with the electro- 
lyte lavage (32% and 29%) or with castor oil (20% and 
12%). The differences were not significant. Since a good 
cleansing score, i.e., volume of clear liquid covering 5- 
25% of the mucosal surface, should be adequate for a 
fastidious examination after the liquid is aspirated, it 
was logical to combine the good and excellent results 
and reevaluate significance. When this was done, the 




Fig. 1. Patient evaluation of the ease of completing the electrolyte 
lavage, oral sodium phosphate, or castor oil, i.e., tolerance. Question- 
naire options are listed in the horizontal axis, with the number of 
patients responding to each expressed as a percentage. When easy 
and tolerable results were combined, sodium phosphate and castor 
oil were significantly easier than the lavage to complete (*, p < 0.02). 
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FK3. 2. Patient evaluation of preparation taste. Questionnaire op- 
tions are listed in the horizontal axis with the percentage of patients 
indicating the response in bar format Analysis of individual responses 
or combinations did not disclose any significant differences. 




None Mild Moderate Severe 



Fig. 3. Patients* rating of the symptom side effects from each 
preparation. Questionnaire options are listed on the horizontal axis, 
and the number of patients reporting side effects are reported as 
percentages. Analysis of individual responses or combinations did not 
disclose any significant differences. 

oral sodium phosphate solution was statistically better 
in achieving an excellent or good cleansing score with 
80% compared with 64% for the electrolyte lavage 
(p < 0.05) and only 32% for the castor oil group 
(p < 0*05 j. For the left colon, all three preparations pro- 
duced an excellent or good rating, making them ade- 
quate for flexible sigmoidoscopy examination as shown 
in Figure 5. 

Serum calcium and phosphate levels in response to 
sodium phosphate preparation are shown in Figure 6. 
Mean serum phosphate level increased significantly 2 
h after the second dose by 3.5 ± 1.64 mg/dl (mean 
increase, ±1 SD) but returned to normal within 26 h. 
There was no significant change in the mean serum 
calcium concentration. None of the patients taking the 
oral sodium phosphate solution reported or demon- 
strated signs or symptoms of hypocalcemia. 

At this center, the charges for the colonoscopy clean- 
sing solutions were: electrolyte lavage, $17; sodium 
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Excellent Good Fair Poor Excellent&Qood 



Fig. 4. Number rating of the adequacy of colonic cleansing (Prep 
Quality). Questionnaire options are listed on the horizontal axis, with 
the number of patients rated in each category shown as a percentage. 
When good and excellent scores were combined, sodium phosphate 
was significantly better than the electrolyte lavage or castor oil (p < 
0.05). 




Excellent/Good Fair/Poor 

Fig. 5. Number rating of the adequacy of colonic cleansing for 
flexible sigmoidoscopy. The adequacy of colonic preparation is shown 
on the horizontal axis with the number of patients shown as a 
percentage. There were no differences between the three preparation 
methods. * 

phosphate, $2; and castor oil, $2. The endoscopy suite 
charge for an incomplete examination (excluding phy- 
sician fees) was $900. The number of repeat procedures 
due to inadequate colon cleansing is shown in Figure 
7. Based on a repeat examination rate for inadequate 
preparation of 8% for the electrolyte lavage, 3% for the 
sodium phosphate, and 24% for the castor oil, the 
excess costs (incomplete examination plus additional 
cathartic) projected for 100 cases are: electrolyte lavage, 
$7336; sodium phosphate, $2706; and castor oil, 
$21,648. 

DISCUSSION 

This study confirms and extends the observations of 
Vanner et ai (7). In that study, over 85% of patients 
described their ability to complete the sodium phos- 
phate as easy or tolerable, compared with only 31% of 



□Mean Phosphate BMaan Calcium 
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10 15 

Hours After Ingestion 



20 



25 



Fig. 6. Mean serum phosphate and calcium concentrations in five 
subjects. Time in hours after sodium phosphate ingestion is shown 
on the horizontal axis. Mean concentrations over time are marked 
by the line. The peak phosphate level was recorded at 8 AM, 2 h after 
the second sodium phosphate dose. At 10 h, the mean phosphate 
level was no longer significantly elevated compared to the mean 
baseline level. 




H«ctrolyto Lavag* Sodium Phosphate Castor Oil 



Fig. 7. The number of repeat colonoscopies due to poor colon 
cleansing. The type of colonic cleansing preparation is shown on the 
horizontal axis with the number of patients shown as a percentage. 
Castor oil was associated with more repeat examinations (p = 0.0 1 1 ). 

those receiving electrolyte lavage. In our study, the 
difference was not as dramatic, but was still significant 
at 88% for sodium phosphate and 66% for the lavage 
{p < 0.05). Even castor oil, which was evaluated in this 
study and not by Vanner et ai, was also significantly 
better than the electrolyte lavage (83%, p < 0.05). 

When judging taste, most patients in Vanner's study 
in both groups rated the taste as acceptable (sodium 
phosphate, 68%; electrolyte lavage, 66%). However, 
31% of those receiving the electrolyte lavage rated it as 
unacceptable or barely acceptable compared with 13% 
of those receiving sodium phosphate. Nineteen percent 
of those receiving sodium phosphate ranked it as excel- 
lent or good tasting compared with 3% of those receiv- 
ing the lavage {p < 0.05). Most of the patients in our 
study also rated each preparation as acceptable (sodium 
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phosphate, 71%; electrolyte lavage, 76%; and castor oil, 
78%). There were no differences in the scores of excel- 
lent and good (sodium phosphate, 18%; lavage, 18%; 
castor oil, 20%) or of unacceptable and barely accept- 
able (sodium phosphate, 29%; lavage, 24%; and castor 
oil, 22%). 

Symptom side effects of nausea, vomiting, abdominal 
bloating, pain, and dizziness occurring during the evac- 
uation of the colon did not differ in the sodium phos- 
phate and electrolyte lavage groups in Vanner's study, 
nor were there differences in our study between sodium 
phosphate, electrolyte lavage, and castor oil. 

Although ease of taking the preparations marginally 
favored sodium phosphate and castor oil over the la- 
vage, with taste or symptom side effects being equiva- 
lent, the most important finding was the superiority of 
sodium phosphate over the electrolyte lavage in clean- 
sing the colon. In the previous study (7), over 80% of 
the sodium phosphate-prepared colons were ranked as 
good or excellent, compared with only 33% of the 
electrolyte lavage preparations. Twenty percent of the 
patients taking the lavage were unable to complete their 
preparation. In our study, colon cleansing scores of 
good or excellent were seen in 90% receiving sodium 
phosphate, 62% receiving the electrolyte lavage, and 
33% receiving castor oil. All patients were able to 
complete the sodium phosphate preparation in our 
study but 5% of patients taking the lavage and 2% 
taking castor oil failed to complete the preparation (Fig. 
1). These differences were not significant. 

Despite the apparent advantages of oral sodium phos- 
phate over the electrolyte lavage identified in the study 
by Vanner et al (7) and in the current study, this 
preparation has not gained wide acceptance. Although 
there are no reports of deaths or significant toxicity 
from oral sodium phosphate used in the preparation of 
colonoscopies, it is possible that the lessons learned 
from complications of enema use have limited a 
broader application to colonoscopy preparation. In the 
pediatric literature, many examples of dehydration, 
tetany, and coma have been reported in infants and 
small children (8-18). Risk factors included colonic 
retention due to Hirschsprung's disease, delayed excre- 
tion from renal failure, and excessive enema doses. 
Tetany, mental confusion, and dehydration have been 
described in at least eight adults (19-25). Colonic dys- 
function, renal failure, or multiple enemas explained 
many of the complications. In one patient, enhanced 
absorption due to ischemic colitis was suspected (20). 
In another, a myocardial infarction resulting from os- 
motic catharsis-induced hypovolemia was suspected 
(25). 

There are no reports of these potentially serious side 
effects from oral sodium phosphate. Being a minimally 
absorbed osmotic cathartic agent, sodium phosphate 



produces a large volume effluent with the potential risk 
for reducing intravascular volume (26). Vanner et al 
(7) showed that six of 54 patients (11%) receiving 
sodium phosphate and one of 48 (2%) patients using 
the electrolyte lavage developed a postural increase in 
pulse greater than 10 beats/min. Four of 54 (7%) and 
two of 48 patients (4%) developed a postural drop in 
systolic blood pressure greater than 10 mm Hg. These 
hemodynamic changes usually lasted less than 1 h and 
caused no clinical sequelae. Factors such as age, medi- 
cations, or underlying diseases did not identify patients 
at risk for these changes in pulse and blood pressure 
(7). Conclusions to be drawn include cautious use orally 
in patients with symptomatic congestive heart failure, 
ascites, or a serum creatinine >2.0 mg/dl, since even 
minimal changes in intravascular volume may have 
exaggerated effects. Additional fluid intake such as three 
12-oz glasses of water after their first dose (6 PM) may 
minimize intravascular volume changes. 

Hyperphosphatemia is a recognized consequence of 
sodium phosphate use (27). This study and the previous 
study (7) detected a transient rise in the phosphate level 
without apparent effect on serum calcium levels. The 
mean incremental increase in serum phosphate level of 
3.5 mg/dl in the five patients studied was identical to 
the increase reported in Vanner's study. Eight to 10 h 
later, the phosphate levels had returned to normal. 
There were no significant changes in serum calcium 
concentrations. 

Three additional restrictions to the use of sodium 
phosphate should be emphasized. Sodium phosphate 
should not be used in pregnant or breast-feeding 
women. The placenta actively transports phosphate and 
it is secreted in large amount in milk (27). There is no 
information about absorption in diseased bowel, al- 
though toxicity in ischemic colitis has been implicated 
(20). When patients with these risk factors are identified 
and excluded, sodium phosphate appears to be safe and 
effective. 

Castor oil, derived from the castor bean, is hydro- 
lyzed by pancreatic lipase to the active agent, ricinoleic 
acid. Ricinoleic acid, acting like other anionic surfac- 
tants, reduces net absorption of fluid and electrolytes 
and stimulates intestinal peristalsis (27). Because it acts 
in the small intestine, accumulation of fluid and evac- 
uation are prompt and thorough making it useful as a 
preparation for radiologic examinations. During a re- 
view of articles published in the last decade, we found 
no studies prospectively analyzing the efficacy of castor 
oil for colonoscopies. Thus, the current study appears 
to be the first prospective review of castor oil as a 
colonoscopy preparation. Unfortunately, at the dose 
used in this study, it was no better than sodium phos- 
phate in patient tolerance, taste, or symptomatic side 
effects and was the least effective in bowel cleansing 
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(Fig. 6). A possible role for castor oil may exist as a 
small-volume preparation for flexible sigmoidoscopies, 
but even in this situation, it is no better than sodium 
phosphate (Fig. 5). The stimulant effects of this agent 
can cause uterine contraction in pregnant women; 
therefore, pregnancy is a contraindication for its use 
(26). 

Cost to the patient is an important issue today. At 
this center, the excess cost due to incomplete exami- 
nations was the least for the sodium phosphate prepa- 
ration ($2706 per 100 cases). This could result in a net 
patient savings of greater than $5000, using sodium 
phosphate instead of the electrolyte lavage or castor oil, 
or more than $30,000 annually at this institution. 

In summary, this physician-blinded prospective study 
of three colonoscopy preparations demonstrated that 
sodium phosphate was better tolerated and more effec- 
tive in colonic cleansing than electrolyte lavage or castor 
oil. There were no apparent adverse effects due to 
hyperphosphatemia or hypocalcemia in patients taking 
the sodium phosphate preparation as prescribed in this 
study. Furthermore, the superior cleansing quality of 
this preparation could save patients over $5000 per 100 
colonoscopies, compared with the other two prepara- 
tions. In the setting of outpatient endoscopy performed 
on patients with no risk of adverse events, as described 
in our exclusion criteria, sodium phosphate may be the 
preparation of choice. 
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